T he cone and cone-rod dystrophies are both clinically and genetically heterogeneous. The major clinical features of cone dystrophies are reduced visual acuity, abnormal colour vision, photophobia, central scotomata, and often nystagmus. Affected individuals may be symptomatic in infancy, but the majority present in childhood or early adult life. Cone dystrophies have been described with autosomal dominant, autosomal recessive, or X linked patterns of inheritance. 1 2 In cone dysfunction syndromes one or more of the three cone types are deficient or absent. Patients generally have a congenital colour vision defect, which remains stationary during life. Several alterations of cone vision have been defined by the phenotypic changes in colour matches and colour discrimination: anomalous trichromacy, dichromacy, monochromatism, and achromatism. Complete achromats have no functioning cone photoreceptors, while incomplete achromats have residual colour vision. 3 Oligocone trichromacy is a rare cone dysfunction syndrome, first described by Van Lith. 4 It has been proposed that patients with oligocone syndrome have a reduced number of normal functioning cones (oligocone). It is characterised by reduced visual acuity and photophobia, reduced amplitude of the cone electroretinogram, a normal fundus, and colour vision within normal limits. 2 4 It would appear to be a stationary cone dysfunction with trichromacy.
We report the phenotype of six patients with oligocone trichromacy. We present electrophysiological data that suggest there may be more than one disease mechanism and propose that the disorder may be progressive at least in some individuals.
PATIENTS AND METHODS
After informed consent was obtained, six affected individuals from four different families were assessed. Families A and C contained two affected brothers and two affected sisters, respectively; family B contained a single male patient; and family D a single female patient. One or both parents from each family were also assessed. In addition, the grandmother of the two brothers in family A was also examined.
A full medical history was taken and ophthalmological examination performed. Electrophysiological assessment included an electro-oculogram (EOG), full field electroretinogram (ERG), and pattern ERG (PERG), incorporating the recommendations of the International Society for Clinical Electrophysiology of Vision. [5] [6] [7] Colour vision testing included the use of the Hardy, Rand, and Rittler plates (HRR) (American Optical Company), Farnsworth-Munsell (FM) 100 hue test, Farnsworth D-15, the Mollon-Reffin (MR) minimal test, 8 a computerised colour vision test, and anomaloscopy. The computerised test, which allows measurement of colour discrimination along tritan, deutan, and protan axes, has been described in detail previously. 9 10 The FM 100 hue, Farnsworth D-15 and the MR test were all performed under CIE Standard Illuminant C from a MacBeth Easel lamp.
RESULTS
All six affected patients had a history of reduced visual acuity from infancy (6/12 to 6/24), not improved by full spectacle correction. They complained of mild photophobia, but were not aware of any colour vision deficiency. They had no nystagmus and fundi were normal.
In two sisters (cases 4 and 5) the cone flicker ERGs were severely reduced and there was a shorter latency than normal of the cone single flash ERG b-wave. Two brothers (cases 1 and 2) had absent cone ERGs. One patient (case 6) showed delayed and mildly reduced cone flicker ERGs with minimal photopic single flash ERG changes and a normal waveform maximal response. One patient (case 3) showed a delayed cone flicker ERG with a ''double peak,'' an abnormal single flash cone ERG with the b-wave more affected than the awave and a mildly electronegative maximal response. Representative traces appear in figure 1 . Clinical findings are summarised in table 1.
Both the father and 80 year old grandmother of the two brothers in family A were also examined. The father was found to have a visual acuity of 6/5 in both eyes, with normal colour vision, fundi, and electrophysiological testing. The grandmother complained of reduced visual acuity, which she had been aware of since the age of 50. Despite bilateral cataract extractions in the past, her visual acuity was counting fingers in the right eye and 1/36 in the left eye. Ophthalmoscopy revealed early ''bull's eye'' maculopathy in both eyes, whereas fundus examination of her grandsons was normal. ERG revealed absent cone responses, with normal rod function, indicating that she has a cone dystrophy (ERG data not shown). She has been unavailable for further psychophysical testing. The six affected patients reported good colour vision and neither they nor their parents were aware of any colour vision abnormality. On examination, all had good colour vision. The various colour vision tests either revealed completely normal colour vision or slightly elevated discrimination thresholds. Anomaloscopy revealed matching ranges within normal limits, indicating the presence of long and middle wave cones of normal spectral sensitivity at the macula, while the absence of pseudoprotanomaly suggests that photopigment is present at normal optical densities in individual cone photoreceptors. One or both parents of all cases were tested and all had normal colour vision. The psychophysical findings are summarised in table 2.
DISCUSSION
We report the largest case series to date of patients with oligocone trichromacy. The six patients in our series had moderately reduced visual acuity (6/12 to 6/24) and mild photophobia with normal visual fields and fundi. There was no nystagmus. Electrophysiological testing provided evidence of retinal dysfunction predominantly confined to the cone system. Oligocone trichromacy was first described by Van Lith in 1973. 4 Since then Keunen et al have described a further four patients, 11 while Neuhann et al and, more recently, Ehlich et al have each reported a single case. 12 13 This rare cone dysfunction syndrome has previously been characterised by reduced visual acuity, mild photophobia, decreased amplitude of the cone ERG with normal rod responses, normal fundi, and normal or slightly reduced colour vision. Unlike our patients the two cases reported by Van Lith and Ehlich both had pendular nystagmus.
The cone ERG findings in our patients were poorly concordant. Cone flicker ERG responses were absent or markedly reduced in two siblings, who additionally showed a photopic b-wave of shortened implicit time. This may suggest some preservation of the cone OFF pathway, as the implicit time of the OFF response in normal subjects is similar to that in the two patients. Other patients showed clearly present but delayed and reduced cone flicker ERGs with one showing a mildly electronegative maximal response. The cone system implicit time changes are not expected in restricted disease, and are more usually associated with generalised dysfunction rather than loss of function. A post-receptoral processing abnormality may be present in some individuals, as suggested by the b:a ratio reductions. This phenotypic heterogeneity suggests that there may be more than one mechanism for disease pathogenesis, and thus that there may also be genetic heterogeneity associated with the oligocone phenotype.
Some patients in the present series had a mild reduction of colour discrimination, but no patient had markedly abnormal colour vision. Anomaloscopy revealed normal matching ranges, which indicates the presence of long and middle wave cones of normal spectral sensitivity and of normal optical density. The slightly elevated discrimination thresholds that were detected are compatible with a reduction in cone numbers.
It has been proposed that patients with oligocone trichromacy might have a reduced number of normal functioning cones (oligocone syndrome) with preservation of the three cone types in normal proportion, thereby enabling trichromacy. 4 Keunen et al tested this hypothesis by screening foveal cone photopigment density in four patients with oligocone trichromacy.
11 A reduced density difference of the foveal cone photopigment with a normal time constant of photopigment regeneration was found in all patients. Colour matching and increment threshold spectral sensitivity were normal. This provided supportive evidence for the hypothesis of a reduced number of foveal cones (decreased density differences) with otherwise normal functioning residual cones. Dysfunction of foveal cones alone will not affect the full field ERG.
14 Peripheral retinal cones are also affected, as shown by the full field cone ERG abnormalities, profound in some patients, and our data do not support the hypothesis that the remaining cones function normally. Peripheral retinal colour vision in these patients would be of interest, as it may help establish whether peripheral colour discrimination is indeed reduced. Multifocal ERG may help determine whether central cone loss is ''patchy'' or ''uniform. '' 15 It has been thought likely that the mode of inheritance is autosomal recessive. However, both brothers and their paternal grandmother are affected in family A, more suggestive of autosomal dominant inheritance. As their father is unaffected there would need to be incomplete penetrance. Equally, previous reports have suggested this disorder to be stationary, but there is clinical evidence of progression in family A of this study, with worsening visual acuity and the development of ''bull's eye'' maculopathy in the older affected individual. However, until molecular genetic data become available it can not be proved that the grandmother's cone dysfunction is the same disorder as that of her two grandsons. It has previously been suggested that oligocone trichromacy may represent a form of incomplete achromatopsia. It is therefore feasible that mutation within the three currently identified genes associated with achromatopsia, CNGA3, CNGB3, and GNAT2, may underlie the molecular basis for this disorder. [16] [17] [18] [19] [20] However, since oligocone trichromacy may have a developmental component, it is equally tempting to propose that genes involved in retinal photoreceptor differentiation, when cone numbers are being determined, also represent good candidate genes, rather than mutation within the three genes that encode cone specific intermediates within the phototransduction cascade. It is therefore possible that molecular genetic analysis of this disorder may help to shed light on cone photoreceptor development. Furthermore, since electrophysiological testing suggests that the site of abnormality may not be exclusively at the level of the photoreceptor, genes expressed preferentially in the inner retina may represent alternative candidates.
Oligocone trichromacy is perceived of as a rare disorder, and it has previously been proposed that patients have a reduced number of retinal cones that function normally. That may apply to central cones, but our data suggest that remaining peripheral cones do not function normally. Equally, as our six patients have been ascertained over a relatively short period of time (3 years), the disorder may be more common than previously recognised.
